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PREFA CE

The High Altitude Effects Simulation (HAES) Program
sponsored by the Defense Nuclear Agency since the early 1970
time period , comprises several groupings of separate , but
interrelated technical activities , e.g., ICECAP (Infrared
Chemistry Experiments--Coordinated Auroral Program). Each of
the latter have the common objective of providing information
ascertained as essential for the development and validation of
predictive computer codes designed for use with high priority
DOD radar , communications , and optical defensive systems .

Since the inception of the HAES Program , significant
achievements and results have been described in reports
published by DNA , participating service laboratories , and
supportive organizations. In order to provide greater visi-
bility for such information and enhance its timely applications ,
significant reports published since early calendar 1974 shall
be identified with an assigned HAES serial number and the
appropriate activity acronym (e.g., ICECAP) as part of the
report title. A complete and current bibliography of all HAES
reports issued prior to and subsequent to HAES Report No. 1,
dated S .February 1974 entitled , “Rocket Launch of an SWIR
Spectrometer into an Aurora (ICECAP 72)”, AFCRL Environmental
Research Paper No. 466, is maintained and available on request
from DASIAC , DOD Nuclear Information and Analysis Center ,
816 State Street , Santa Barbara , California 93102 , Telephone
(805) 965-0551.

This report , Scientific Report No. 1 under Air Force
Geophysics Laboratory (AFGL, formerly AFCRL) contract Fl9628-
78-C-00l8 is the eightieth report in the HAES series , and
covers a portion of the ICECAP airborne technical efforts
performed by the AFGL Infrared Flying Laboratory during February -
March 1975 and February -March 1976. The purpose of the work
reported herein was to investigate high altitude atmospheric
infrared emissions from the spatially and temporally varying
locations of the NKC-135A platform at the same times as intense
auroral sampling efforts from ground and rocket-borne ICECAP
experiments were being performed. Thus , a cost effective state
of the art probe of selected infrared radiations was made to
provide bench mark radiance level measurements for determination
of future spectral scanning instrument specifications .
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INTRODUCTION

Sign i f ican t inf rared  emission enhancemen ts in a
spectral band centered at 2.94 pm (2.84 - 3.04 pm) were
measured from the AFGL flying laboratory with a radiometer
while viewing the atmosphere , HU Pr  and Reed [1977]. The
measuremen ts were made as part of the 1975 and 1976 DNA/AFGL
ICECAP program. The 2.94 pm enhancements are spatially and

temporally correla ted wi th auroral ly  induced enhancemen ts of
the N~ f i r s t nega tive band at 39l4~~.

The measured 2.94 pm enhancements are superimposed on a

slowly vary ing background emission which even exists at times

when the atmosphere is no t exci ted by aurora .  Huppi and Reed
[1977J postulate that this background is mainly chemilumines-

cence from hydroxyl (OH) fundamental airgiow chemistry .

However , this OH chemiluminescence is not a feasable source
of the measured 2.94 pm enhancements , since corresponding
enhancements are not seen in the OH overtone (5, 3) and
(6 , 4) bands as moni tors by a coaligned 1.7 pm (1.66 - 1.74

pm) radiometer. A more feasible source of the enhancements

pos tu lated by Stair et aZ~. [1975] , is chemiluminescence

generated by nitric oxide (NO) first overtone (MT = 2 )

chemis try.
In this report investigations of the background and the

• enhancement emissions are performed. The first section gives

consideration to the source producing the slow varying back-
ground . Calculations show that OH fundamental emissions can
completely account for the measured background levels. A
method for removing the OH background is applied to the

measured data. The results verify the calculated predictions

of the OH, and they allow magnitude and time correlations to

be readily made between the 2.94 pm enhancements and the

* 
3914X enhancements. In the second section these comparisons

are discussed. Using the magnitude comparisons and assuming

11 
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that the enhancements are chemiluminescence from NO chemistry ,
the percentage of the total auroral energy which is emitted
as NO photons is calculated in the final section .

CONSIDERATION OF THE OH BACKGROUND
IN THE 2.94 pm MEASUREMENTS

The relative spectral response of the 2.94 pm radiometer
is overlayed on a synthetic spectrum of the OH fundamental in
Figure 1. That spectrum was calculated using a rotational
temperature of 220°K and a vibrational temperature of 5000°K.
Likewise , in Figure 2 the relative spectral response of the
1.7 pm radiometer is overlayed on an OH overtone spectrum as
measured by Steed [1978] with a field widened interferometer.
As shown in the figures , the 1.7 pm channel sees most of the
(5, 3) transitions and part of the (6, 4) transitions , while
the 2.9 pm channel sees parts of the (1 , 0), (2, 1), and

(3, 2) transitions .
A more specific inspection shows that the (5, 3) P and

Q branches are almost completely seen , and about 50 percent
of the (6, 4) R branch is seen by the 1.7 pm channel. If

one assumes that for the AV = 2 sequence , the relative

emission ratios are P : R Q = 38 22 : 2 as given by
Kof sky et al. [1975], then 65 percent of the (5, 3) and 18

percent of the (6, 4) bands are observed.
The 2.94 pm channel sees most of the (1 , 0) P branch ,

and (2, 1) Q branch , and about half of the (1, 0) Q branch ,

(2, 1) P and R branches , and the (3, 2) R branch. From the
measurements of M a c D o n a l d  et a l .  [1968] , or from a synthetic
spectrum one can roughly calculate that 60 percent of the

(1, 0) and (2, 1) transitions and about 10 percent of the

(3, 2) are seen . A LOWTRAN calculation of the atmospheric
absorption shows that both the 2.9 pm and the 1.7 pm

passbands are relatively free of atmospheric absorption
problems at the aircraft altitude . Thus , atmospheric

- 
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Figure 1. Relative response of the 2.94 pm radiometer
overlayed on a synthetic spectrum of OH LW = 1 ,

compu ted for TR = 220°K , Tv = 5000°K, and
resolution = 1 cm 1 .
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absorption has no significant t-ffect on the percentages seen
of the var i ous hand s.

Baker [1976] gives the following relative emission band

intensities for the OH overtone and fundamental: (1 , 0 ) :
(2, 1): (3 , 2 ) :  ( 5 , 3) :  (6 , 4) = 76 : 4 0 : 18 : 40 : 39.
Usin g these ra t ios and apply in g the portion of each band seen

in the measurement passband as given above , the expected
observed ratio of the hydroxyl fundamental in the 2.9 pm band

to overtone in the 1.7 pm band is 2.2.

Le t ’ s now compare this with the measurements made by
Huppi and Reed [19 7 7 ] .  F igures  3 to 9 show the measured
da ta for  seven t ime periods . From top to bo ttom the f igures
give the measured 3914~ ( N )  auroral  moni tor emissions , the
2.94 pm emissions , and the 1.7 pm emissions. Included at
the bottom of the figure is a plot of the remaining 2.94 pm

emission after a ratio of the 1.7 pm OH overtone is

subtracted. The ratios used for the subtraction were

selected to give the best fit of the 1.7 pm data to the

2.94 pm backgrounds which were measured during times of

minimal auroral excitation. The ratios determined for the
seven measurement periods are given in Table 1.

Table 1. Ratios of Measured 2.94 pm , OH Fundamental and

1.7 pm OH Overtone Emissions

- : Ratio (kR)
Date - Mission Time (UT) OH (2.9p)/OH (1.7p)

3 Mar 76 - IC 76 -6 0500 - 0530 1.7

7 Mar 76 - IC 76-9 1000 - 1030 1.7

1120 - 1150 1.6
8 Mar 76 - IC 76-10 0730 - 0800 1.7

20 Mar 76 - IC 76-16 0905 - 0935 2.1

1010 - 1040 2.1

1120 - 1150 2.1

15_
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0

Figure 3. Measured 3914A , 2.94 pm , and 1.7 pm data for
March 3, 1976 and processed 2.94 pm data with
the OH background removed.
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Figure 4. Measured 3914~ 2.94 pm , and 1.7 pm data for
March 7, 1976 from 1000 to 1030 UT, and
processed 2.94 pm data with the OH background
removed.
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Figure 5. Measured 39l4X , 2.94 pm , and 1.7 pm data for
March 7, 1976 from 1120 to 1150 UT, and
processed 2.94 pm data with the OH background
removed.
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Figure 6. Measured 3914~ , 2.94 pm , and 1.7 pm data for

March 8, 1976 and processed 2.94 pm data with

the OH background removed .
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Figure 7. Measured 39l4A , 2.94 pm , and 1.7 pm data for

March 26, 1976 from 0905 to 0935 UT, and
processed 2.94 pin data with the OH background
removed.
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Figure 8. Measured 3914A , 2.94 pm , and 1.7 pm data for

March 26 , 1976 from 1010 to 1040 UT, and
processed 2.94, pm data with the OH background
removed.
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Figure 9. Measured 39l4~ , 2.94 pm , and 1.7 pm data for

March 26, 1978 from 1120 to 1150 UT, and
processed 2.94 pm data with the OH background

removed.
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The ratios are very close to the expected value of 2.2
which was previously calculated. As discussed by Huppi and
Reed [1977], the 1.7 pm channel is a good monitor of the OH
even during periods when the atmosphere is excited by aurora

since contaminations within the passband from other emissions
are minimal and predictable. Thus , since the measured
ratios between the 2.9 pm background and the 1.7 pm data
compare very closely wi th the predicted ratio based on the

OH analysis  given above , it is apparent that the OH funda-

mental is the prime background radiator in the 2.94 pm
measurement band.

0
COMPARISONS OF 2.94 pm AND 39l4A ENHANCEMENTS

As can be seen by inspecting Figures 3 through 9, the

background-sub tracted 2.94 pm data appears to be closely

correlated with the relatively promp t 39l4X (N~) data.

A more de tailed comparison of the two se ts of da ta is
shown in Figures 10 through 16. In these figures the 3914k

data is overlayed on the background-subtracted 2.94 pm data ,
thus giving time and magnitude comparisons of the aurorally

induced enhancements. The scale on the left corresponds to

the 2.9 pm data and the scale on the right corresponds to
the 39l4~ da ta. To de termine the correla t ion , a plo t of the
ratio of the 2.94 pm radiation to the 3914~ radia tion is
shown as a function of time . It was not always possible to
get a flat ratio curve indicating close correlation since

the signal-to-noise ratio was poor for levels under 25 to
50 kR of 2.94 pm enhanced radiation . However , for levels
higher than this the ratio was quite flat , although
different times and enhancements produced different ratios.
The average ratio was determined for each time period
investigated and the results tabulated in Table 2.
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Table 2. Ratio Comparison of Measured 3914A (Ni) Emissions
and 2.94 pm Enhancements

Ratio (kR)
Date - Mission Time (UT) 2.94 pm Enhancement!

• 3914A
3 Mar 76 - IC 76-6 0500 - 0530 2.3
7 Mar 76 - IC 76-9 1000 - 1030 3.0

1120 - 1150 3.0
8 Mar 76 - IC 76-10 0730 - 0800 3.3
26 Mar 76 - IC 76-16 0905 - 0935 4.3

1010 - 1040 5.2
1120 - 11SO 4.3

As shown in Figures 10 to 16, enhancements of the
scaled 39l4~ data curve compare closely in time with the
enhancements of the background subtracted 2.94 pm data.

Since the enhancement process of the emissions is

known to be very promp t , one might  surmise  tha t the response
of the 2.94 pm radiation enhancements to auroral deposition

is also fast. Exactly how fas t can ’t be determined from the
presen t measuremen ts because the da ta is l imi ted by t ime
filtering which was used to reduce the noise. However , the

generation time and half life must be less than 15 seconds

to fit the measured data.

There are some time shifts between the 39l4~ and 2.94 pm
data in the curves of Figures 14 through 16. These shifts
appear to be real , although no explanation is presently

available.

PHOTO-ENERGY EFFICIENCY OF NITRIC OXIDE AURORAL ENHANCEMENTS

Stair et al. [1975] postulated that the measured

enhancements at 2.94 pm are chemiluminescence from nitric

oxide 1NO) first overtone chemistry . As shown by Huppi and
Re ed [1977] , it is unlikely that the enhancements could

-
• 

_ _ _  
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result from H20, CO2 or OH emissions which are the only other
known emissions which are of significance near the measure-
ment band. Thus, it would appear that the only probable
source is NO .

Since the 2.94 pm enhancements appear to be directly
correlated with auroral excitation of the atmosphere and
assuming that they are generated by NO chemistry , it is of
interest to use the measured data to calculate the
percentage of the incoming auroral electron energy that is
emitted as NO overtone photon energy . Before making the
calculation it is necessary to determine the relationship
between the emitted NO photons and the measured 2.94 pm

emissions .
A synthetic spectrum of the NO overtone generated by

G ibson [19771 for a vibrational temperature of 5000°K and a
rotational temperature of 220°K is shown in Figure 17. The
relative spectral response of the radiometer is overlayed on
the spectrum . Using this information Gibson calculates that
40 percent of the NO overtone is in the passband of the
2.9 pm measurement. Using LOWTRAN calculations for an arctic

winter , one can determine that 96.5 percent of this 40 per-
cent is transmitted through the atmosphere from 100 km to the
10.5 km aircraft altitude . Thus , the following relationship

holds :

Photons
— (2.94 pm )

( .40 x .965

= 2.59 Photons~ 2 94 pm) (1)

where Photons (2 94 pm) are the photons emitted in the

measurement passband and Photons (NO) are the total photons

emitted in the NO L~V = 2 bands.
To calculate the photo-energy efficiency of the NO , we
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s tar t  with the following definition :

eV (NO .)
Photo Energy E f f ic iency (NO~ = eV x 100 % (2)

‘- ‘ ( inc iden t )

In this  expression , the NO em ission energy in electron volts
eV (NO) can be determined from the 2.94 pm data by using
Equation 1 to determ ine the total number of NO photons
emitted and then multiplying by the energy per photon .
Performing these operations gives the following :

eV(NO )= Photons (NO) X —v
= 2.59 Photons (2 94 pm) ~ 

1.~ 34

= 3.~~96 
~ Pho tons (2 94 pm) (3)

where A is the wavelength of the emission .

•1 The incoming energy term , eV (iflcideflt), in Equation 2
can be determined from the 3914A data. The conversion is
accomplished by multiplying the measured 39l4X photons by
the number of ion pairs generated per photon and then
multiplying the result by the number of electron volts
absorbed per ion pair. Bak er and Pendl eton [1976] indicate
that 18 ion pairs are formed per 3914~ photon at 100 km ,
and Tarr et al. [1974] indicates that 34 eV are absorbed
per ion pair produced. Using these values we obtain the
following expression for the total incident auroral energy :

eV = Photon x 18 ion pairs ~ 
34 eV

(incident) S (3914) 39l4~ Photon 
ion pairs

= 612 x Photons (3914) (4)
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Substituting Equations 3 and 4 into Equation 2 gives the
following expression :

Phot ons
Photo-Energy Efficiency (NO) = A X Photons (3914) 

(5)

This expression can be equally stated as follows :

Photo-Energy Efficiency NO) = .5~ 2 x 
R (2 94) (6)
(3l94A)

where R (2 94 pm) is the measured 2.94 pm enhancement

radiance in Rayleighs and R 0 is the measured radiance
4 : o + - 

( 3914A) 
-of the 39l4A (N

2
) (0, 0) first negative band in Rayleighs .

Using Equation 6 and the ratios of the radiances given

in Table 2 , the percen tage of incoming auroral  energy tha t
is radiated as NO first overtone photons was calculated for

the seven time periods being analyzed. An average wavelength
of 2.9 pm was used for A in the calculations. The results
are given in Table 3. As shown , the efficiencies vary from
measurement period to measurement period. The largest value
is 2.5 time s the smallest value causing a 150 percent
variation in the values.

Table 3. Photo-Energy Efficiency of Measured NO Enhancements

• Date - Mission Time (UT) Efficiency (%)

3 Mar 76 - IC 76-6 0500 - 0530 .4

7 Mar 76 - IC 76-9 1000 - 1030 .55

1120 - 1150 .55
8 Mar 76 - IC 76-10 0730 - 0800 .6

26 Mar 76 - IC 76-16 0905 - 0935 .8

1010 - 1040 1.0
1120 - 1150 .8

35

- ——.—~~~~~~~~~~~~~ —- • •  -— ~~
-.~~~~~~

• - —•-- -~~~ — —•- - - •
~~ 

-



r • •
••

- --—-
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ —- -~~~- • -~~~~~ -.-- —~~~~•. -  

~~~~~~~~~~ 

—

The question now arises as to what causes the large
variation . Two potential causes worth considering are
instrumentation response variations , and altitude
dependencies of the reaction relative to varying auroral
penetration depths.

Calibrations on all the instruments including the 39l4~
photometer , the 1.7 pm radiometer , and the 2.94 pm radio-
meter were performed before and after the measurement series.
The response and noise of each was found to remain constant.
Thus , instrument response changes did not cause the large
variations , but one related problem worth considering
involves changes in the throughput of the LN 2 cooled chopper-
baffle system which was operated in front of the 2.94 pm

0
radiometer but not in front of the 1.7 pm and 39l4A
instruments , as described by Huppi and Reed [1977]. Vary ing
amounts of frost accumulation on the windows in the chopper
assembly would effectively change the overall response of
the 2.94 pin channel. However , the cold chopper window s were
visably inspected during operation and generally found to
remain clear. This is a good indication that the cold
chopper did not cause the measured variations in the ratios

0
of the 2.94 pm and 3914A data and the corresponding
calculated NO photo-energy efficiencies. This is further
verified by the measured Of-f ratios given in Table 1. The

maximum variation in the OH ratios for the seven measurement
periods is 33 percent. This is considerably less than the
150 percent variation seen in the ratio of the background-
subtracted 2.94 pm data and the 39l4~ (Ni) data. If the
chopper system caused the large variation s in the Phot% energy
efficiencies determined from the measured 2.94 pin/39l4A
ratio , then similar variations would occur in the measured
OH ratios. Both ratios are determined using the 2.94 pm

radiometer data operated behind the cold chopper and data
from an external photometer or radiometer. Thus , since the

• 
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large variations aren ’t seen in the OH ra t ios , the
variations in NO photo-energy efficiency must be caused by

actual  changes in the a tmospher ic  chemis t ry .
Variations in auroral penetration depth and altitude

dependencies of the NO chemistry presently appear to be the
most plausible cause of the observed variations of photo-
energy efficiency . Some measurements for studying the
altitude dependencies relative to the measured data have
been made as discussed by Huppi and Reed [1977], but the
anal ysis of the data has not been completed. Further

coordinated measurements and analys is  us ing  inf rared
measurements from the aircraft and altitude electron density
measurements from the Chatanika radar would be a good
approach for defining the altitude dependencies. Another
approach is to monitor at least three other aurorally
enhanced emitters simultaneously with the 2.94 pm channel.
The other emitters should be selected such that their
radiation is generated from reactions occurring at various
al titudes , thus providing in forma t ion on pene tra t ion dep ths
of the aurora. Photometric measurements including this type

of da ta have been performed by Pho tome trics , Inc. for  some
of the measurement periods given in this report and should
provide useful information for future coordinated analysis.
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Attn : DOC CON Robert Brownlee
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Sandia Laboratories Universi ty of California
P.O. Box 5800 Lawrence Livermore LaboratOrV
Albuquerque, NM 87115 P.O. Box 808
Attn: DOC CON ORG 3422 Livermore, CA 94550
Sandia Repts Coil. Attn: D.J. Wuerales L-142

Argonne National Laboratory California , State of
Records Control Air Resource Board

• 9700 South Cass Avenue 9528 Telsia Avenue
Argonne , IL 60439 Al Monte, CA 91731
Attn : DOC CON D. W. Green Attn: Leo Zafonte

Argonne National Laboratory Calif. Institute of Technology
Records Control Jet Propulsion Laboratory
9700 South Cass Avenue 4800 Oak Grove Drive
Argonne , IL 60439 Pasadena , CA 91103
Attn : DOC CON Attn : Josep h A. Jello
LIR SVCS RPTS SEC

US Energy Rsch ~ Dev Admin
Argonne National Laboratory Div. of Head quarters Services
Records Control Library Branch G-043
9700 South Cass Avenue Washington , DC 20545
Argonne , IL 60439 Attn: DOC CON Class Tech Lib
Attn: DOC CON S. Garelnick -

Department of Transportation
Argonne National Laboratory Office of the Secretary
Records Control TAD-44. 1, Room 10402- -B

1 - 9700 South Cass Avenue 400 7th Street S.W.
Ar gonne , IL 60439 Washington , DC 20590
Attn: DOC CON G.T. Reedy Attn : Samuel C. Coroniti

Un ivers ity of Ca lifornia NASA
Lawrence Livermore Laboratory Goddard Space Flight Center
P.O. Box 808 Greenbeit , MD 20771

• Livermore, CA 94550 Attn : A. C. Aiken
Attn: W.H. Duewer Gen L-404

NASA
-~ Universi ty of Cal i fo rnia Goddard Space Flight Center

Lawrence Livermore Laboratory Greenbelt , MD 20771
P.O. Box 808 Attn : A. Teinpkin
Livermore , CA 94550
Attn : Julius Chang L-71 NASA

Goddard Space Flight Center
University of California Greenbelt , MD 20771
Lawrence Livermore Laboratory Attn : A. J. Bauer
P.O. Box 808
Livermore , CA 94550 NASA
Attn : G.P. Haugen L-404 Goddard Space Flight Center

Greenbe lt , MD 20771
• Attn : Technical Library
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NASA NASA
Goddard Space Flight Center Ames Research Center
Greenbelt, MD 20771 Moffett Field, CA 94035
Attn: J. Siry Attn: N-254-4 I.G. Poppoft

NASA NASA
600 Independence Avenue S W . Ames Research Center
Wash ington, DC 20545 Moffett Field , CA 94035
Attn: A. Gessow Attn : N-254-3 N.H. Farlow

NASA - NASA
600 Independence Avenue S.W. George C. Marshall Space Fit.
Washington, DC 20546 Center
Attn: D.P. Cauffman Huntsville , AL 35812

Attn: C. R. Baicher
NASA
600 Independence Avenue S.W. NASA
Washington, DC 20546 George C. Marshall Space Fit.
Attn : Lt Col D.R. Hallenbeck Center

• Code SG Huntsville , AL 35812
Attn: N. H. Stone

NASA
600 Independence Avenue S.W. NASA
Washington , DC 20545 George C. Marshall Space Fit.
Attn : R. Fellows Center

Huntsville , AL 35812
NASA Attn : W. A. Oran
600 Independence Avenue S.W.

• Washington, DC 20546 NASA
Attn: A. Schardt George C. Marshall Space Fit.

Center
NASA Huntsville, AL 35812
600 Independence Avenue S.W. Attn : Code ES22 John Watts
Washington , DC 20546
Attn : M. Tepper NASA

• George C. Marshall Space Fit.
• NASA Center

Langley Research Center Huntsville, AL 35812
Langley Station Attn : W. T. Roberts
Hampton , VA 23365
Attn: C. Schexnayder MS-l68 NASA

George C. Marshall Space Fit.
NASA Center
Ames Research Center Huntsville, AL 35812
Moffett Field , CA 90435 Attn : R. D. Hudson
Attn : N-25404 W. L. Starr

NASA
NASA George C. Marshall Space Pit.
Ames Research Center Center
Moffett Field , CA 94035 Huntsville , AL 35812
Attn : N-254-4 R. Whitten Attn : R. Chappell
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• Albany Me tallurgy Research Ctr. Nat ’l Oceanic ~ A tmospheric
US Bureau of Mines Administration
P . O.  Box 70 Envi ronmental Research Lab
Albany , OR 97321 Department of Commerce
Attn : Eleanor Abshire Boulder , CO 80302

Attn : George C. Reid
Central Intelli gence Agency Aeronomy Lab
RD/SI RM 5G48 HQ Bui lding
Washington , DC 20505 Nat’l Oceanic ~ Atmospheric
Attn : NED/OSI-2G48 HQS Admini stration

- Environmental Research Lab
Department of Commerce Depar tment of Commerce
National Bureau of Standards Boulder , CO 80302
Washing ton , DC 20234 Attn : Eldon Ferguson
Attn: Sec Officer James Devoe

Nat ’l Oceanic ~ Atmospheric
-j Department of Commerce Administration

National Bureau of Standards Environmental Research Lab
Washing ton, DC 20234 Department of Commerce
At tn: Sec Officer S. Abramowitz Boulder , CO 80302

-- • Attn : Fred Fehsenfeld
Department of Commerce
National Bureau of Standards Aero-Chem Resch Lab , Inc.
Washington , DC 20234 P.O. Box 12
Attn : Sec Officer J Cooper Princeton , NJ 08540

Attn : A. Fontijn
Department of Commerce
Na tional Bureau of Standards Aero -Chem Resch Lab , Inc.
Washington , DC 20234 P.O. Box 12 -

At tn: Sec Officer G .A. Sinnatt Princeton , NJ 08540
At tn: H. Pergament

Departmen t of Commerce
Na tional Bureau of Standards Aerod yne Research , Inc .
Washi ngton ,-DC 20234 Bedford Resear ch Park
Attn: Sec Off icer K Kessler Crosby Dr ive

Bedford , MA 01730
Department of Commerce Attn : F. Bien
Na tional Bureau of Standards

• Washin gton , DC 20234 Aerodyne Res ea rch , Inc.
Attn : Sec Off ice•r M. - Kraus s Bedford Research Park

Crosby Drive
Dep artment of Commerce Bedford , MA 01730
Na tional Bureau of Standards Attn : M . Camac
Washin gt on, DC 20234
At tn: Sec Officer L. Gevantman Aeronomy Corporation

217 S. Neil Street
Champaign , IL 61828
Attn : A. Bowhili
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Aerospace Corporation Aerospace Corporation
P.O. Box 92957 P.O. Box 92957
Los Ange les , CA 90009 Los Angeles, CA 90009
Attn: N. Cohen • Attn: R. D. Rawcliffe

Aerospace Corporation Avco-Everett Research Lab , Inc .
P.O. Box 92957 2385 Revere Beach Parkway
Los Angeles , CA 90009 Everett, MA 02149
Attn: Harris Mayer Attn : Technical Library

Aerospace Corporation Avco-Everett Research Lab, Inc.
P.O. Box 92957 - 2385 Revere Beach Parkway
Los Angeles , CA 90009 Everett , MA 02149
Attn: Sidney W. Kash Attn : George Sutton

Aerospace Corporation Battelle Memorial Institute
P.O. Box 92957 505 King Avenue
Los Angeles , CA 90009 Columbus , OH 43201
Attn : 1. Widhoph Attn: Donald J. Hamman

Aerospace Corporation Battelle Memorial Institute
P.O. Box 92957 505 King Avenue
Los Angeles, CA 90009 Columbus , OH 43201
Attn : R. J. McNeal Attn: Donald J. Ham

Aerospace Corporation Battelle Memorial Institute
P . O .  Box 92957 505 Kin g Avenue
Los Angeles , CA 90009 Columb us , OH 43201
Attn: R. Grove Attn : STOIAC

Aerospace Corporation Battelle Memorial Institute
P.O. Box 92957 505 King Avenue
Los Angeles, CA 90009 Columbus, OH 43201

• Attn : ~Irving N. Garfunkel ~~~- Attn: - Richard~K;~ Tha tcher ..~

• Aerospace Corporation Brown Engineerin g Co . ,  Inc .
P . O .  Box 9295 7 Cummings Research Park
Los Angeles , CA 90009 Hu ntsville , AL 3580 7
Attn: Thomas D. Tay lor Attn: N. Passino

Aerospace Corporation . The Trustees of Boston College
P.O. Box 92957 Chestnut Hill Campus
Los Angel es, CA 90009 Chestnut Hill, MA 02167
Attn: V. Josephson Attn : Chairman Dept. of Chern.

Aerospace Corporation Brown Engineering Co., Inc.
P.O. Box 92957 - 

Cummings Research Park
Los Angeles , CA 90009 Huntsville, AL 35807
Attn: Julian Reinheimer Attn : Ronald Patrick
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California at Riverside , Univ. of Calspan Corporation
Riverside , CA 92502 P . O.  Box 235 /

Attn : Alan C. Lloy d . Buffalo , NY 14221
Attn : N. C. Dunn

California at Riverside , Univ. of
Riverside , CA 92502 Ca lspan Corporati on
Attn : James N. Pitts , Jr.  P . O .  Box 235

Buffalo , NY 1422 1
California at San Diego , Univ. of Attn : W. Wurs ter
3175 Miramar Road
La Jolla , CA 92037 Colorado , Universi ty of
Attn : S. C. Lin Office of Contracts ~ Grants

380 Administra tive Anne x
California University of Boulder , CO 80302
Berkeley Campus Room 318 Attn : A. Ph elps JILA
Sproul Hall
Berkeley , CA 94720 Colorado , University of
Attn : Sec Officer for Office of Contracts ~ Grants
Harold Johnston 380 Administrative Annex

Bou lder , CO 80302
California University of Attn : Jeffrey B. Pearce LASP
Berkeley Campus Room 318
Sproul Hall Colorado , University of
Berkeley , CA 94720 Office of Contracts a-Grants
Attn: Sec Officer for F. Mozer 380 Administrative Annex

Bou lder , CO 803032
California University of Attn : C. Beaty JILA
Berkeley Campus Room 318
Sproul Hal l Colorado , University of
Berkeley, CA 94720 Office of Contracts ~ Grartts• Attn : Sec Officer for Dept of 380 Administrative Annex
Chem . -W. H. Miller • Boulder , CO 80302~

Attff: C. Lin~berger JILA’’
California, State of
Air Resources Board Colorado , University of
9528 Teistar Avenue Office of Contracts ~ Grants
El Monte, CA 91731 380 Administrative Annex
Attn : Leo Zafonte Boulder, CO 80302

Attn: C. A. Bar th LASP
Caispan Corpora tion

• P.O. Box 235 Columbia University, Trus tees
Buffalo , NY .14221 City of New York
Attn: C. E. Treanor La Mont Doherty Geol ogical

Observatory-Torrey Cliff
Calspan Corporation Palisades, NY 19064
P.O. Box 235 Attn : B. Phelan
Buffa lo, NY 14221
Attn: G. C. Valley
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Columbia Un ivers ity,  Trus tees Genera l Electric Company
City of New York Tempo-Center for Advanced St.

• 116th Street ~ Broadway 816 State St. (P0 Drawer QO)
New York , NY 10027 - Santa Barbara, CA 93102
Attn: Richard N. Zare Attn: Don Chandler

Columbia University, Trustees General Electric Company
• City of New York Tempo-Center for Advanced St.

116th ~ Broadway 816 State St. (P0 Drawer QO)
New York , NY 10027 Santa Barbara, CA 93102
Attn: Sec Officer H.M. Foley Attn : B. Cambiii

Concord Sciences General Elec. Co. Space Div.
P.O. Box 113 Valley Forge Space Center
Concord , MA 01742 Goddard Blvd.
Attn : Emmett A. Sutton King of Prussia

P.O. Box 8555
Denver , University of Philadelphia, PA 19101
Colorado Seminary Attn : M. H. Bortner
Denver Research Institute Space Science Lab
P.O. Box 10127
Denver , CO 80210 General Elec. - -Co . Space Div.
Attn: Sec. Officer for Van Zy l Valley Forge Space Center

Goddard Blvd.King of Prussia
Denver , University of P.O. Box 8555
Colorado Seminary Philadelphia, PA 19101
Denver Research Institute Attn : J. Burns
P.O. Box 10127
Denver , CO 80210 General Elec. Co. Space Div.
Attn : Sec Officer for D. Murcray Valley Forge Space Center

Goddard Blvd .King of Prussia
• General. Electric Company P.O. Box 8555
• Tempo-Center for Advanced Studies Philadelphia , PA 19101

816 State Street (P.O. Drawer QO) Attn : F. Alyea
Santa Barbara, CA 93102
Attn: DASAIC General Elec. Co. Space Div.

Valley Forge Space Center
General Electric Company Goddard Bivd.JCing of Prussia
Tempo-Center for Advanced Studies P.O. Box 8555
816 State Street (P0 Drawer QO) Philadelphia, PA 19101
Santa Barbara , CA 93102 Attn: P. Z. Sands
Attn : Warren S. JCnapp

General Elec. Co. Space Div.
General Electric Company Valley Forge Space Center
Tempo-Center for Advanced Studies Goddard Blvd.King of Prussia
816 State Street (P0 Drawer QO) P.O. Box 8555
Santa Barbara, CA 93102 Philadelphia, PA 19101
Attn : Tim Stephens Attn : R. H. Edsal l
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General Elec. Co. Space Div. Lockheed Missiles ~ Space Co.Valley Forge Space Center. 3251 Hanover Street
Goddard Blvd .King of Prussia Palo Alto, CA 94304
P.O. Box 8555 - 

Attn: John Kumer Dept 52-54
Ph iladelphia , PA 19101 •

Attn: T. Baurer Lockheed Miss iles ~ Space Co.
3251 Hanover Street

General Research Corporation Palo Alto , CA 94304
P.O. Box 3587 Attn : John Cladis Dept 52-12
Santa Barbara , CA- 93105
Attn : John Ise, Jr. Lockheed Missiles G Space Co.

3251 Hanover- Street
Geophysical Institute Palo Alto , CA 94304
University of Alaska Attn: B. McCormac Dept 52-54
Fairbanks , AK 99701
Attn: D. Henderson Lockheed Missiles ~ Space Co.

3251 Hanover Street
Geophysical Institute - Palo Alto, CA 94304
University of Alaska Attn: T. James Dept 52-54
Fairbanks , AK 99701
Attn: J. S. Wagner Physics Dept. Lockheed Missiles ~ Space Co.

3251 Hanover Street
Geophysical Institute Palo Alto , CA 94304
University of Alaska Attn : B. Reagan Dept 52-12
Fairbanks , AK 99701
Attn : B. J .  Watkins Lockheed Missiles ~ Space Co.

- 
3251 Hanover Street

Geophysical Institute Palo Alto , CA 94304
University of Alaska Attn : N. Walt Dept 52-10
Fairbanks , AK 99701
Attn: T N .  Davis Lockheed Missiles ~ Space Co.

3251 Hanover Street
Geophysical Institute Palo Alto , CA 94304
University of Alaska Attn : R. Johnson Dept 52-12
Fairbanks , AK 99701
Attn: P.. Parthasarathy Lockheed Missiles ~ Space Co.

3251 Hanover Street
Geophysical Institute Palo Alto , CA 94304
Universi-ty of Alaska Attn: P.. Sears Dept 52-14
Fairbanks , AK 99701
Attn: Neal Brown Lockheed Missiles ~ Space Co.

3251 Hanover Street
Lowell, University of Palo Alto, CA 94304
Center for Atmospheric Research Attn: J. R. Winkler
450 Aiken Street
Lowell, MA 01854 Institute for Defense Analyse
Attn: G. T. Best 400 Army-Navy Drive

Arlington , VA 22202
Attn : Ernest Bauer
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Institute for Defense Analyse Physical Sciences, Inc .
400 Army-Navy Drive -30 Commerce Way
Arlington, VA 22202 . Woburn , MA 01801
Attn : Hans Wo lfhard Attn : R. L.  Taylor

Mission Research Corporation Physical Sciences, Inc.
735 State Street 30 Commerce Way
Santa Barbara , CA 93101 Woburn , MA 01801
Attn : D. Archer Attn ; C. Caledonia

Mission Research Corporation Physics international Co.
735 State Street 2700 Merced Street
Santa Barbara, CA 93101 San Leandro , CA 945-77
Attn: D. Fischer Attn : Doc Con for Tech Lib

Mission Research Corporation Pittsburgh, University of
735 State Street Commonwealth Sys of Higher Ed.
Santa Barbara , CA 93101 Cathedral of Learning
Attn : M. Scheibe PIttsburgh , PA 15213

Attn: Wade L. Fite
Mission Research Corporation
735 State Street Pittsburgh, University of
Santa Barbara, CA 93101 Commonwealth Sys of Higher Ed.
Attn : D. Sappenfield Cathedral of Learning

Pittsburgh , PA 15213
Mission Research Corporation Attn : Manfred A. Biondi
735 State Street
Santa Barbara, CA 93101 Pittsburgh , University of
Attn : D. Sowle Commonwealth Sys of Higher Ed.

Cathedral of Learning
Photometrics, Inc. Pittsburgh , PA 15213
442 I4arrett Road Attn: Frederick Kaufman
Lexington, MA 02173
Attn : Irving L. Kofsky Pittsburgh, University of

Commonwealth Sys of Higher Ed.
Physical Dynamics , Inc. Cathedral of Learning
P.O. Box 1069 Pittsburgh , PA 15213
Berkeley , CA 94701 Attn : Edward Gerjuoy

- - Attn: J. B. Workman
Princeton Univ. Trustees of

Physical Dynamics , Inc. Forrestal Campus Library
P.O. Box 1069 Box 710
Berkeley , CA 94701 Princeton University
Attn : A. Thompson Princeton , NJ 08540

Physical Sciences , Inc. R ~ D Associates
30 Commerce Way P.O. Box 9695
Woburn , MA 01801 Marina Del Rey , CA 90291
Attn: Kurt Wray Attn : Richard Latter
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R ~ D Associates Science Applications , Inc .
P.O. Box 9695 P.O. Box 2351
Marina Del Rey , CA 90291 La Jolla , CA 92038
Attn: R. G. Lindgren Attn: Daniel A. Hamlin

R ~ 0 Associates Science Applications, Inc.
P.O. Box 9695 - P.O. Box 2351
Mar ina Del Rey,  CA 90291 La Jolla , CA 92038
Attn: Bryan Gabbard Attn: David Sachs

R ~ D Associates Space Data Corporation
P.O. Box 9695 1333 W. 21st St.
Marina Del Rey , CA 90291 Tempe, AZ 85282
Axtn: H. A. Oru Attn : Edward F. Allen

R ~ D Associates SRI International
P.O. Box 9695 333 Ravenswood Avenue
Marina Del Rey , CA 90291 Menlo Park, CA 94025
Attn: Robert E. Lelevier Attn: 74. Baron

R ~ 0 Associates SRJ.Jnternationai
P . O .  Box 9695 333 Ravenswood Avenue
Marina Del Rey , CA 90291 Menlo Park, CA 94025
Attn: R. P. Turco Attn: L. Leadabrand

R ~ D Associates SRI International
P.O. Box 9695 333 Ravenswood Avenue
Mar ina Del Rey , CA 90291 Menlo Park, CA 94025
Attn : Forrest Gilmore Attn : Walter G. Chestnut

R G D Associates SRI International
P.O. Box 9695 1611 North Kent Street
Mar ina Del Rey , CA 90291 - Arlington , VA 22209
Attn: D. Dee Attn : Warren W. Berning

R ~ D Associates SRI International
1815 N. Ft. Myer Drive 11th fl.1611 North Kent Street
Arlington , VA 22209 Arlington , VA 22209
Attn : Herbert J. Mitchell Attn : Charles Hulbert

R G D Associates Stewart Radiance Laboratory
1815 N. Ft. Myer Drive 11th fl.1 DeAngelo Drive
Arlington , VA 22209 Bedford, MA 01730
Attn : J. W. Rosengren Attn : R. J. Huppi

(25 cop ies)
Rand Corporation
1700 Main Street Technology International Corp.
Santa Monica , CA 90406 75 Wiggins Avenue
Attn: Cullen Cram Bedford , MA 01730

Attn : W. P. Roquist
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United Technologies Corp. Visidyne, Inc.
755 Main Street 19 Third Avenue
Hartford, CT 06103 Northwest Industrial Park
Attn : H. Michels Burlington , MA 01803

Attn : Charles Humphr ey
United Technologies Corp .
755 Main Street Visidyne, Inc.
Hartford , CT 06103 19 Third Avenue
Attn : Robert Bullj.s Northwest Industrial Park

• Burlington , MA 01803
Utah State University Attn : J. Reed
Logan , UT 84322
Attn : Doran Baker Wayne State University

1064 MacKenzie Hall
Utah State University Detroit , MI 48202
Logan , UT 84322 Attn : Pieter K. Rol
Attn : Kay Baker Chem Engrg ~ Mat Sci

Utah State University Wayne State University
Logan , UT 84322 1064 MacKenzie Hall
Attn : C. Wyatt Detroit , MI 48202

Attn : R. H. Kummler
Utah State University
Logan, UT 84322 Wayne State University
Attn : D. Burt Dept. of Physics

Detroit , MI 48202
Visidyne, Inc. Attn : Walter E. Kauppila
19 Third Avenue
Northwest Industrial Park Yale University
Burlington , MA 01803 New Haven , CT 06520
Attn : Henry J. Smith Attn : Engineering Dept.

Visidyne, Inc. AF Geophysics Laboratory , AFSC
19 Third Avenue Hanscom AFB , MA 01731
Northwest Industrial Park Attn : OPR B. Sandford
Burlington , MA 01803 (10 copies)
Attn: J. W. Carpenter

Director
Visidyne , Inc. Defense Advanced Rsch Proj Agcy
19 Third Avenue Architect Building
Northwest Industrial~Park 1400 Wilson Blvd .
Burlington , MA 01803 Arlington , VA 22209
Attn : William Reidy Attn : S. Zakanycz /STO

Visidyne , Inc. Director
19 Third Avenue Defense Advanced Rsch Proj Agcy
Northwest Industrial Park Architect Building
Burlington , MA 01803 1400 Wilson Blvd .
Attn : T. C. Degges Arlington , VA 22209

Attn : P. Clark /STO
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Director
Defense Advanced Rsch Proj Agcy
Architect Building -

1400 Wilson Blvd.
Arlington , VA 22209
Attn : E. Kopf /STO

Director
Defense Advanced Rsch Proj Agcy
Architect Building
1400 Wilson Blvd .
Arlington , VA 22209

H Attn : Program Management
(MIS Division)

(2 copies)

Director
Def ense Advanced Rsch Proj Agcy
Architect Building
1400 Wilson Blvd .
Arlington , VA 22209
Attn: J. Jenney /STO

Commander
Naval Electronics Systems Command
Naval Electronics Systems Command Hq.
Washington , DC 20360
Attn : PME 117
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OSD-ASDI the Pentagon Air Force S)rstejBs Command
Washington, DC 20301 Andrews Air Force Base
Attn : Mr. W. Henderson Washington, DC 20334

Attn: Maj P1. Kurowski, XRID
OSD-ASDI the Pentagon
Washington , DC 20301 SAMSO, P.O. Box 92960
Attn: Mr. A. Albrecht Worldwide Postal Center

Los Angeles , CA 90009
US Arms Control ~ Disarmament Attn : Col J. McCormick , SZ
Agency
Department of State SANSO, P.O. Box 92960
Washington, DC 20451 Worldwide Postal Center
Attn: Dr. F. Elmer Los Angeles , CA 90009

Attn : Col R. W. Johnson , DY
Commander , US Army Missile
Command SAMSO, P . O . Box 92960
Redstone Arsenal , AL 35809 Worldwide Postal Center
Attn: DRDMI-NS Mr. Drake Los Angeles , CA 90009

Attn : Lt Col R. Shields , SZD
Commander , US Army Missile
Command SkMSO, P .O .  Box 92960
Redstone Arsenal , AL 35809 Worldwide Po5tal Center
Attn : DRDMI/REI Mr. Jackson Los Angeles , CA 90009

Attn : Lt Col B. Gee , DYA
Missile Intelligence Agency
Redstone Arsenal Rome Air Develop. Center, AFSO
Huntsville , AL 35809 Griffiss Air Force Base
Attn : DRSMI-YDL Rome , NY 13440

Attn : Mr. D. 0. Dylis , I RA D
Hq USAF
Washington, DC 20330 Air Force Propulsion Lab
Attn: Col L. Deliso , RDSD Edwards Air Force Base, CA 93523

- Attn: Dr. J. D. Stewart
Hq USAF
Washington , DC 20330 Air Force Armament Lab
Attn : Lt Col C. Heimach , RDSD Eglin Air Force Base , FL 32542

Attn : Capt W. Rothschild , DLMQ
Hq USAF
Washington DC 20330 Foreign Technology Division
Attn : Lt Col G. Watts , RDSD Wright-Patterson AFB OH 45433

Attn : Mr. T. Larson
Air Force Systems Command
Andrews Air Force Base Foreigh Technology Division
Washington , DC 20334 Wright-Patterson AFB OH 45433
Attn : Capt D. Beadner , DLCEA Attn: Mr. R. C. Frick
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Air Force Avionics Lab Aerospace Corporation
Air Force Systems Command El Segundo.Operatioiis
Wright-Patterson AFB, Off 45433 - P.O. Box 9.5085 -

Attn : Nr. P1. Edwards Los Angeles, CA 90045
Attn: Dr. H. Graff

Arnold Eng ineering Development
Center , TN 37389 Aerospace Corporation
Attn: Dr. II. E. Scott El Segundo Operations

- P.O. Box 95085
Arnold Engineering Development Los Angeles , CA 90045
Center , TN 37389 Attn : Dr. J. Ator
Attn : Dr. W. K. McGregor

Institute for Defense Analysis
Arnold Engineering Development 400 Army-Navy Drive
Center, TN 37389 Arlington , VA 22202
Attn: Dr. C. Peters Attn: Dr. H. C. Wolfhard

Naval Weapons Center Institute for Defense Analysis
China Lake, CA 93555 400 Army-Navy Drive
Attn: Mr. P1. L. Capps- Arlington, VA 22202

Attn: Dr. L. Biberman
Naval Weapons Center
China Lake, CA 93555 Aerodyne Research , Inc.
Attn ; Dr. N. Benton Bedford Research Park

Crosby Dr ive
Naval Weapons Center Bedford , MA 01730
China Lake, CA 93555 Attn: Dr. J. Draper
Attn : Dr. L. Wilkins

Aerodyne Research Inc.
Central Intelligence Agency Bedford Research Park
Washington, DC 20505 Crosby Drive
Attn : Mr. Berguist Bedford , MA 01730

Attn : Dr. H. Camac
Aerospace Corporation
El Segundo Operations Block Engineering
P.O. Box 95085 19 Blackstone Street
Los Angeles, CA 90045 Cambridge , MA 02139
Attn: Dr. F. Simmons Attn : Dr. M. Weinberg

Aerospace Corporation Carson System, Inc.
El Segundo Operations 4630 Campus Drive
P.O. Box 95085 Newport Beach, CA 92660
Los Angeles, CA 90045 Attn: Dr. John Carson — I

Attn : Dr. R. Lee
CALSPAN

Aerospace Corporation 4455 Genesee St.
El Segundo Operations Buffalo, NY 14221
P.O. Box 95085 Attn : Dr. C. Treanor
Los Angele s, CA 90045
Attn : Dr. C. Randall
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CALSPAN Rockwell International Corp .
4455 Ge.nesee St. Space Division/S.F12
Buffa lo, NY 14-221 - 1-22-14 S. Lakewood Blyd ,
Attn: Dr. W. Wurster Downey, CA 90241

Attn: Richard T. Pohlman
Environmental Research Inst of
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